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Precise atomic structure measurements in Pb
-  using vapor-cell and atomic-beam spectroscopy &f
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E1 transition amplitudes of (thermally) excited states using

\ accurate determination of thermal population / \ Quart vapor cell

> Heavy, multivalence elements are good testbeds for testing Farada rotation spectroscor
fundamental partlcle physu:s 1nte1.‘act10ns - effects scale as Experimenta | setu D Results
~73. = Atomic theory is challenging!
TGG or CeF; Diff. grating 50
» Previous work with Group IIIA In and Tl tested ab initio multi- fe— B B/l = ey (N T 50 P es00c | T o 368 rm (£1)
valence wavefunction models (Majumder + Safronova group | prism Vacuum | | Raraday Modulator ! £ :g E 40 o
collaborations) | 10 kHz audio amp Furnace | | 500 Hz, ~ 100G (AC) s 5 30
] i heaters (3 pairs) ! g § 20
s sl om0 1 .
> New focus is on Group IV Pb (two existing precise PNC i o ( ' ] & 10 £ 10
experimental results). Improved atomic theory, but requires Y] PP [p— 'y I?"’ i — ©20 T
new, accurate experimental benchmarks... ! * T Frequency (GH2) Frequency (GHz)
! 2.3
\ / | / ————— fzfvity of lock-in (1279) |i| of lock-in (laser 2) Alonso-Medina
0 [ Opticel i lock-in (1279) _|[1f lock-in (laser 2) 2.2 (2001)
Pb energy levels (group IV} T i | 5 51 prelim
Laser 2 o 1f signal < [(v)Pr(v) Dy, /CS , measurement
3p 2f signal < [(v) P2, —
Boltzmann 1 L 1.9 . +
, 3P Porsev/Safronova
Population 0 > [1/2f] < D (V) /P,y 1.8 (2016,2019)
(800°C) 406 nm 1.7
l (E1) , Modulation amplitude
Faraday line shape
10%n, 3 : .
0o °P, Extracting the matrix element Solve for <E1>
10-5n, 3P1 —0.970 eV . /
cp’g"l . C,gl (I'Lop,B,T) noge kT ( edy ) @
1279 nm oM ¢y, (T,op,B,T) no Ug/c (M1)2
M1 / \
n S .. | N .
’ 0 6s26p2 6s26p7s Peak optical Line shape Boltzmann atomic  <M1> precisely
rotation f.actors | factor (fixed)** units calculable
* M1 amplitude precisely calculable : 1.293(1) a.u. [ \
*» E2/M1 measured by us using Faraday Rotation in 2019 **Temp. (and Boltzmann factor) well controlled g 800
* <E2>,,=8.91(9)a.u. » 3-zone heating elements for ‘uniformity’ 2 600
o <E2>, =8.88(5) a.u. (Safronova group) » - overall Temp variance/accuracy: ~ *1 °K = 400 :
» =2 ~0.5% contribution to <E1> uncertainty £ 200 §
** Note: E1 transition amplitude measurements require B

[sotope shift measurements in heated Pb vapor cells using Doppler-free, two-step spectroscopy
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/ \ "~ Pb.208 Pb20a ) EO-modulated Fabry-Perot Transmission
* Thermal population for 3P, state is ~ 10°°. (6p7s) 3P, 406 nm (scan) i ( : —{ : ] = 1 | For linearization/calibration
. Pumplng E2.tranS|t|on with 939 diode laser luml.... Furnace (~ 800 °C)
increases this to ~104.
406 nm (E1) # ' ‘.
+ ‘Chop’ 939 (locked) laser = lock-in detection of FP cavity - < | |
op ocked) laser ock-in detection o AOM/switch RF Modulator + Amp RF Lockein Amp U .. "
406 transmission signal X 5 MHz2)
2\ 3 = -
* Pb-Pb mean collision time ~ 5 usec for vapor (60 °P; 939 nm (lock) ot Pb_EOA' Pb-208
r B | ,—-‘—'\
Ce” @ 850 OC 939 nm (EZ) CO-propagating beams
2 3 e f106 it _ -
(6p?) *Pq / CTR splitting: TIS 5, — f_ T1Sg39 |_cTR-propagating beams
Chop 939 @ 500 Hz near Chop 939 @ 5 MHz via o8 204pp fzsz
406 transition: AOM switch: Pb CO splitting: TIS,p6 + Foro T'15939
939
(sum of red and blue shifts of isotopes must equal 5 : -
total 939 TIS --- independent of lock point) rreq (MR2)
Lock-in First step ] . .
signal Doppler profile 15 mins of preliminary data: TIS,,, = 4589(2) MHz;
(peaks unresolved)
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TISq39 = 379.5(5) MHz — first ever direct measurement
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Quadratic Stark shift

measurements: AE =
1
- a €% - excellent

Quantity (rel. to vapor cell @ | Vapor cell Atomic beam (@ 1050°C)
800 °C) in furnace
Peak absorption C, 6, X10 (Doppler narrowing)

cross section

benchmark test of theory.

Expected shift of ~ 50 MHz
for 3P, — (6p7s) 3P, E1

3P, n n, X 50 (M1 pre — pumping)
number density X 10 (thermal/Boltzmann)
X 10~* (Geometrical loss)

Vapor cell

transition with € ~ 20 demonstration Interaction length 14 ¢/ X% 0.2 (atomic beam width)
kV/cm - easily resolvable Optical depth 1 0.01-0.1
Unshifted — BLACK 23;;
' . Shifted (20 kV/cm)-
Enhan.ce U\}i 51gna21 t;y Indium ABU / it cm
Eumpmg.t. e(6p")Po> o polarizability results: P oo o
P, transition 0'(2) " Increasing IR power 2013, 2016, 2018 20/7§ 207b
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Future work in Tl
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TI-205 (70%), TI-203 (30%), both I=1/2

 E1/M1 transition amplitude ratios
» 205/203 transition isotope shifts using Doppler free

\ two-step spectroscopy (as above)

~/




